Objective: This study assessed the impact of changes in school food policy on student lunch consumption in middle schools. Methods: Two years of lunch food records were collected from students at three middle schools in the Houston, Texas area. During the first year, no changes occurred in the school food environment. After that school year was completed, chips and dessert foods were removed from the snack bars of all schools by the Food Service Director. Students recorded the amount and source of food and beverage items consumed. Point-of-service purchase machines provided a day-by-day electronic data file with food and beverage purchases from the snack bars during the 2-year period. Independent t-tests and time series analyses were used to document the impact of the policy change on consumption and sales data between the two years. Results: In general, student consumption of sweetened beverages declined and milk, calcium, vitamin A, saturated fat and sodium increased after the policy change. Snack chips consumption from the snack bar declined in year 2; however, consumption of snack chips and candy from vending increased and the number of vending machines in study schools doubled during the study period. Ice cream sales increased significantly in year 2. Conclusions: Policy changes on foods sold in schools can result in changes in student consumption from the targeted environments. However, if all environments do not make similar changes, compensation may occur.
National School Lunch Program (NSLP) meals are offered daily to about 95% of children in the USA 1, 2 . Concerns about the epidemic of overweight and obesity in the USA 3 have focused attention on the types of foods available in the school environment 4 , because the environment is an important influence on dietary behaviour as identified in Social Cognitive Theory (SCT) 5 . SCT proposes that behaviour, personal characteristics and the environment each influence, and are influenced in, a reciprocal relationship 5 . For example, the availability of fruit and vegetables (F&V) in the school cafeteria was a significant predictor of F&V consumption following a 2-year intervention 6 . Therefore, improvements to the types of foods available in the school environment could have an impact on student consumption.
Since 1994, NSLP meals must average 30% or less of their energy from fat and most serve two or more F&V items daily 7 . However, there are no federal rules for competitive foods sold elsewhere in the school such as in snack bars and vending machines (VMs), and over 80% of middle schools sell à la carte food items 8 . Weekly sales ranged from $826 per 1000 students in schools with 72 -100% of students receiving free/reduced-price meals, to $2894 per 1000 students from schools with less than 38% of students eligible for free/reduced-price meals 8 . Weekly à la carte sales were inversely related to NSLP participation 8 . The median number of VMs per secondary school was 12 (four offering soft drinks, two snacks, five other) in another study, and only 35% of the foods in VMs met a lower-fat criterion (# 5.5 g fat per serving) 9 . Snack VMs were negatively related to daily fruit consumption among middle-school youth 10 . Few published studies identify actual lunch food consumption by middle-school youth from these various sources at school. Students who reported eating the NSLP meal consumed greater amounts of all nutrients, except vitamin C, compared with students who reported eating lunch meals from home, restaurants and other sources 11 . National data also revealed that youth participating in the NSLP reported greater daily intakes of food energy, most nutrients, vegetables and milk, and lower intakes of added sugars, soda and fruit drinks 12 . Middle-school students with access to snack bar foods consumed significantly fewer F&V servings compared with elementary-school students who only received NSLP meals 13 . Among students followed for two years from elementary into middle school, where they had access to snack bars, servings of fruit, regular vegetables and milk decreased, while servings of high-fat vegetables and sweetened beverages increased 14 , further supporting the influence of the school food environment on consumption.
Some states and school districts have tried to improve the foods available in school food environments 15 . The present report describes the impact of local school food policy changes on lunch consumption in three middle schools in Harris County, Texas.
Methods
Three middle schools (approximately 2790 6th -8th grade students; 48% free/reduced-price lunch; 61% Hispanic, 34% white, 3% African American, 2% Asian/other) in one school district in Harris County, Texas, participated. Data on student lunch consumption and daily snack bar sales data were available for two consecutive school years. During the 2001 -02 school year, the three schools had participated as control condition schools in a school-based intervention 16 during which the students completed lunch food records. Following this school year, the Food Service Director decided to implement local policy changes to remove snack chips, candy, sweet desserts and sweetened beverages from all of the district middle-school snack bars, and to remove VMs from the cafeterias for the 2002-03 school year. He invited the researchers to continue assessing student consumption, and offered the use of point-of-service (POS) machine electronic data files with daily snack bar sales for both years. Both studies were approved by the Institutional Review Board at Baylor College of Medicine. All parents received information about the study and were notified that their child could assent or refuse to provide anonymous lunch consumption data.
During both years, students who gave assent completed anonymous lunch food records in the cafeteria immediately after eating lunch, which maximised accuracy of report 17 . The second year of data collection used the methods from the intervention study. Trained data collectors selected one or two different tables of students at each lunch period and asked students to complete the anonymous food records. The data collectors showed the students how to record the foods eaten on the food records: listing each food on a separate line, indicating how many servings were eaten, and identifying the source of each food (school lunch, snack bar, home, vending, other source). This method of food record data collection has been shown to be valid in previous research 18 . To enhance student interest, study pencils were distributed to participating students during the first year and student names were entered into a weekly raffle for a $25 gift card in the second year.
The food records were entered into Nutrition Data Systems (version 4.2; Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN, USA) to obtain energy, nutrients and servings of food, using algorithms developed for a previous study 19 . The following food groups were obtained from the NDS output: fruit/juice, vegetables, high-fat vegetables, milk, total sweetened beverages, soft drinks (also included in total sweetened beverages), candy, cakes and pies, and snack chips.
The POS purchase machines provided an electronic data file of daily snack bar food sales. The cafeteria workers keyed in the appropriate item sold. These workers received no special training and no quality control studies were conducted. This was the method used during the intervention year, and was continued for the second year of data collection. The following items were used in analyses: sweetened beverages, fruit and vegetables, chips, milk, ice cream and sweets. Descriptions of the POS key labels by category are presented in Table 1 . These food groupings were chosen to correspond to the food groups from the dietary recall output and were related to study hypotheses. The number of VMs was assessed in each school by the data collector. The school principals were responsible for vending and sales data were not available.
Two datasets were of primary interest: self-reported lunch food records and POS data. Servings from selfreported food records consisted of an average of each nutrient and food group per student over a period of one week. POS sales were calculated as the percentage of total purchases in each category per week, because no data on consumption of these items were available. For each week, item-specific servings purchased were summed, divided by all applicable servings, and then multiplied by 100. A series of independent t-tests was applied to self-reported food record data by food source to investigate policy (pre and post) differences in total lunch consumption and differences in consumption by meal source (NSLP, snack bar, vending, other) after the policy change. Time series analysis was used to assess the impact of the policy change on snack bar sales, using the standard autoregressive integrated moving average (ARIMA) model with the transfer function model 20 -22 . The effects of policy changes were modelled by indicator variables and the structure of the policy change function determined the shape of the impact over time on the series under consideration. The main focus was testing whether and by how much the policy change altered the mean level of the series. Time series analysis was used because this method allows the identification of patterns within the data represented by the ordering of the observations while accounting for relationships in the data due to time. The ability of traditional methods is severely restricted when accounting for the relationship due to time, which is generally modelled as autocorrelations, trends and seasonal variations.
In intervention time series analysis, characteristic properties of changes of time series can be investigated by introducing a separate function. Different types of intervention such as permanent or temporary, sudden or gradual can be modelled and the level of the time series following the intervention is compared with the level of the series before the intervention. The effects of interventions or policy changes are modelled by indicator variables and the structure of the intervention function determines the shape of the impact over time on the series under consideration. Thus, the response series is assumed to be the sum of an ARIMA noise or 'background' series and an intervention function. Generally, the form of the intervention transfer function is identified by hypothesis. For example, we may expect that daily purchase of fruit, juice and vegetables (F&V) will increase sharply during the early periods of the policy change and then the effect will gradually decrease, but a residual permanent effect will remain after this declining period. However, in practice, we may know little about the exact form of the transfer function, and therefore we also evaluated the shape of the intervention empirically. Since the policy change in year 2 was permanent, a step function intervention analysis is most appropriate. Thus, in this study we focused on testing whether the policy change altered the level of the series, and if so, by how much.
Data before the policy change were used to identify the univariate ARIMA models for the time series noise processes for each snack bar item (sweetened beverages, F&V, chips, milk, ice cream (not removed) and sweets). It was assumed that the same time series model for the time series noise process applied to both pre-and post-policy change data and that the only change was assumed to stem from that change.
To develop appropriate ARIMA models for the noise process, the Box -Jenkins iterative approach was followed and involved three stages: (1) model identification, (2) model estimation, and (3) model checking 20 . The ARIMA( p,d,q) model included three model specification parameters that detailed the time-related autocorrelation ( p), partial autocorrelations (d) and averaging process (q) 20, 22 . Diagnostic checks, including graphical procedures, were performed in the course of model building. To find a plausible set of ARIMA models, autocorrelation, partial autocorrelation and inverse autocorrelation functions were examined. The residuals of the model were checked for autocorrelation and normality. Akaike's Information Criterion and the Bayesian Information Criterion were used for the goodness-of-fit criterion and the chi-square test of the Ljung -Box -Pierce statistics. Model adequacy was also tested. When these conditions were met within acceptable bounds, the model was used to assess the effects of the policy change.
Results
There were 2205 self-reported food records for year 1 and 5268 for year 2. In year 1, the data collectors were only in the schools about 50% of the time. The district had an exclusive contract with a national beverage company, and individual principals determined the number of both beverage and snack food VMs. In year 1, the three schools had 21 VMs; 86% were beverage. The number of machines increased to 42 during year 2, of which 83% were beverage. During the summer of 2002, beverage VMs were removed from the school cafeterias. Many were placed in the hallways outside the cafeterias by the gyms.
Food and nutrient intake per student (mean and standard deviation) and percentage attributable to specific meal sources are shown in Table 2 . A statistically significant impact of the policy change was observed for several nutrients and food groups between years. Intakes of saturated fat, vitamin A, calcium, sodium and milk were significantly higher, whereas servings of vegetables, sweetened beverages and soft drinks (a subset of sweetened beverages) were significantly lower, in the second year after the policy change.
More than half (56-72%) of all nutrients consumed during the first year were attributable to the NSLP meals. NSLP meals were the major source (51-88%) of fruit/juice, vegetable, high-fat vegetables, grains and milk consumption. Most servings of sweetened beverages (72%), soft drinks (80.1%) and candy (39%) came from VMs, whereas most servings of snack chips (41%) were obtained from the snack bar and vending (31%). Most servings of cakes and cookies came from home (47%).
There were some significant changes in the distributions after the policy change. The proportions of energy, protein, fat, fibre, iron, calcium, sodium and cake/cookies were significantly higher from the NSLP meal in the second year. The proportion of sweetened beverages and soft drinks from the NSLP meals was significantly lower after the policy change. In the snack bar, the percentage of vegetables declined from 16.4 to 4.2%, but it increased from home/other sources (0.5 to 2.0%). Soft drinks declined from 7.6 to 2.4%. Candy consumption declined from 24.3 to 3.2% in the snack bar and increased from 39.2 to 56.2% from vending. Snack bar snack chips declined from 41.2 to 20.2%. At the same time, vending snack chips increased from 31.1 to 46.9%.
Other vending changes included an increase in vitamin A and fruit/juice servings. Significant increases from home/other sources were noted for sweetened beverage (6.1 to 12.4%) and soft drinks (3.9 to 8.9%) consumption. Home sources of vitamin A and calcium decreased significantly.
Time series analyses assessed the impact of the policy change on the following snack food items: chips, ice cream, sweetened beverages, milk, sweets and F&V (Table 3 ). Figure 1 indicates that the policy change abruptly and permanently decreased the percentage of chips sold in year 2 by 1.83 percentage points. Ice cream, as a percentage of sales, increased significantly by 1.47 points after the policy change (Fig. 2) . Sales of sweetened beverages, milk, sweets and F&V were not statistically significant between the two years, indicating no difference after the policy change (figures not shown).
Discussion
The main objective of this study was to identify the impact of school food policy changes on student dietary behaviours and POS sales data. The main food and Results from independent t-tests of differences for daily mean values, and percentage of meal sources, between school years are significantly different: *, P , 0.05; **, P , 0.01; ***, P , 0.001 (independent t-tests used because the mix of students is different between years). † 'Home' location includes 'other'. nutrients evaluated were those related to the US Department of Agriculture NSLP meal guidelines (energy, protein, fat, saturated fat, vitamins A and C, iron, calcium and sodium) and the foods potentially impacted by the policy change (sweetened beverages, soft drinks, high-fat salty and sweet snacks and desserts, ice cream, F&V and milk). The school food policy change was captured in the student individual intakes, the sources of those foods and beverages and by the POS data. The overall increases in energy (although not statistically significant), protein, fat, fibre, iron and sodium may reflect increased participation in the NSLP meals as a consequence of reduced snack bar selections. The increases in vitamin A and calcium can be explained by the increase in milk (which is fortified with vitamin A) during the second year. Although there was a decline in sweetened beverage consumption in the second year, there was a small increase in the proportion of sweetened beverages and soft drinks from VMs. The number of beverage VMs doubled, and there was some increase in the VM source of candy and snack chips as reported in the lunch food records between the two years of the study. Sales data from the VMs were not available, and it would be important to capture these data in future research.
Although the proportion of candy purchased from the snack bar declined significantly in year 2, there was no overall reduction in consumption. The proportion of candy intake from vending increased from 39.2% in year 1 to 56.2% in year 2. Overall snack chip consumption also did not decline, but there was a significant reduction in purchases from the snack bar. More snack chips were purchased from vending in year 2 (31.1 to 46.9%). These results suggest that there was shifting in the source of some food items, i.e. more use of VMs and more sweetened beverages from home, after the policy change. The reduction in vegetable consumption is more difficult to explain, but could be related to the frequency of menu offerings of high-fat vegetables like French fries, which increased during year 2 although not significantly. One finding that is difficult to explain is the reported consumption of sweetened beverages, snack chips and candy from the snack bar, although they were not sold there. Because the students self-reported the source of the foods eaten, there could have been student errors in reporting source. More time allotted to data collectors who checked records for accuracy might improve validity of the lunch records.
Although the POS data revealed significant declines in snack chip sales, supporting the policy change, the time series analysis also revealed a significant increase in the proportion of ice cream sales during year 2 (Fig. 2) , an increase not seen in the dietary records. Perhaps students purchased more ice cream in place of snack chips. The individual cafeteria managers were responsible for ordering snack bar items from the general food inventory list. This food order likely reflects the managers' personal preferences and items that have the most sales. These data suggest that there could be some compensation for the lack of snack chips as the students consumed more of another snack like ice cream. This could be a significant issue if the goal of the intervention was to reduce the kcal available in the snack bar. However, altering portion size of a product, e.g. substituting a smaller size bag for a larger size chip bag, could achieve kcal reduction.
The POS data for the remaining food groupssweetened beverages, sweets, milk and F&V -revealed no significant differences in sales across the two years, despite the individual data showing overall increased milk consumption and declines in sweetened beverage and vegetable consumption. This lack of congruence between the POS data and individual consumption may highlight one limitation of the data. The individual student data were from lunch food records from a daily convenience sample of students who volunteered to complete the lunch food records. However, the POS data represented all food and beverage items that were The food groupings may have been too broad, limiting the ability to detect differences. The lack of vending sales data is another limitation. Both beverage and snack food machines were available in all schools, and the lunch record data suggest that more students were obtaining beverages and snacks from these machines during the second year.
Further delineation of the reasons for the purchases of snack bar and vending foods by students eligible for the free/reduced-price meal is needed. There may be a need for more positive advertising/marketing of the NSLP meal to students and staff. Previous research has identified that poor attitudes towards the NSLP meals represent a serious barrier to NSLP participation 23 . Because of the critical need for nutrients during growth in middle-school students, this should be a priority area for further research.
A recent study used direct observation to identify the impact of competitive foods on secondary-school students' consumption in two high schools and one middle school 24 . Per transaction, competitive foods accounted for 51 to 81% of total energy, a little higher than the 35% of total energy from non-NSLP foods found in this current study (Table 1 ). In this sample of 6th -8th grade students, F&V consumption was about 0.62 serving per lunch, slightly lower than the 0.82 serving reported for 5th grade middle-school students consuming only the NSLP meal 13 . This probably reflects the lower F&V consumption of the students who ate in the snack bar or used VMs.
All of the student data were from self-report, which is limited by memory and ability to estimate portion size. There is no demographic information associated with the individual food records, and no comparison between those who did and did not complete food records can be calculated. Therefore generalisability is limited. The records were completed during the lunch period, which increased confidence in the validity of the self-report 17 .
The POS data only included sales from the snack bar and did not reflect purchases from VMs or foods brought from home or outside the school. Some snack bar items might not have been available on some days, but this information was not available. Other limitations include the possibility that the wrong keys were selected for certain foods, e.g. the cake key selected instead of the snack chip key. The food service workers were performing their normal jobs and the lines often became long and loud, possibly influencing accurate data entry. For more consistent and accurate data, paid research staff could be employed as checkers. A validation study documenting the validity of the POS data as a surrogate measure of individual dietary consumption would be an important area for future research. Although the time series method is limited in that it might not incorporate information on covariates as well as traditional methods, covariates for the time series analysis were not used in this study. A more in-depth discussion of the application of time series analysis to this type of data is beyond the scope of this paper; interested readers are referred elsewhere 20, 22 . Finally, changes that occur in dietary consumption in school may not reflect dietary changes over a 24-hour period. There could be compensation outside school, with students consuming more of the foods that were limited in school. Capturing 24-hour dietary intake would have helped to answer this concern. Future research on changes in school food environments should include 24-hour food recalls.
There are several key findings from this study. School food policy changes were related to observable changes in individual student dietary behaviour and in POS sales data after the policy change, suggesting that environmental change can lead to individual dietary change associated with the particular environment. However, these data also suggest that school food changes need to be implemented in all food environments, so that 
